Characterization of the heme-histidine cross-link in cyanobacterial hemoglobins from Synechocystis sp. PCC 6803 and Synechococcus sp. PCC 7002.
The recombinant product of the hemoglobin gene of the cyanobacterium Synechocystis sp. PCC 6803 forms spontaneously a covalent bond linking one of the heme vinyl groups to a histidine located in the C-terminal helix (His117, or H16). The present report describes the (1)H, (15)N, and (13)C NMR spectroscopy experiments demonstrating that the recombinant hemoglobin from the cyanobacterium Synechococcus sp. PCC 7002, a protein sharing 59% identity with Synechocystis hemoglobin, undergoes the same facile heme adduct formation. The observation that the extraordinary linkage is not unique to Synechocystis hemoglobin suggests that it constitutes a noteworthy feature of hemoglobin in non-N(2)-fixing cyanobacteria, along with the previously documented bis-histidine coordination of the heme iron. A qualitative analysis of the hyperfine chemical shifts of the ferric proteins indicated that the cross-link had modest repercussions on axial histidine ligation and heme electronic structure. In Synechocystis hemoglobin, the unreacted His117 imidazole had a normal p K(a) whereas the protonation of the modified residue took place at lower pH. Optical experiments revealed that the cross-link stabilized the protein with respect to thermal and acid denaturation. Replacement of His117 with an alanine yielded a species inert to adduct formation, but inspection of the heme chemical shifts and ligand binding properties of the variant identified position 117 as important in seating the cofactor in its site and modifying the dynamic properties of the protein. A role for bis-histidine coordination and covalent adduct formation in heme retention is proposed.